A novel second streptomycete cyclophilin gene -designated sccypB -was isolated from a cosmid gene library of Streptomyces chrysomallus by using as gene probe a fragment of the previously isolated cyclophilin gene sccypA of the same organism. From its sequence the gene sccypB should encode a protein of M, 18868. Expression of sccypb in Escherichia coli as a hexaHistagged fusion protein (HCScCypB) and enzymic characterization of the purified protein showed that, like ScCypA, ScCypB is a peptidyl-prolyl cis-trans isomerase (PPlase). The specific activity and substrate specificity of the enzyme were comparable to that of ScCypA, but it was threefold less sensitive to inhibition by cyclosporin A (CsA). In contrast to ScCypA, which is abundant and exists in free and liganded form, ScCypB was 50-to 100-fold less abundant in cytosol-derived protein fractions of S. chrysomallus or Streptomyces lividans, as revealed by Western blot analyses, suggesting a specialized function for this enzyme in the streptomycete cell. Both sccypB and sccypA were found to be present as single copies in the genome of S. chrysomallus and hybridized to a single band in chromosomal DNAs of other streptomycetes. High-level expression of sccypB as well as of sccypA cloned into the expression vector plJ702 did not produce detectable changes in growth and morphology of S. chrysomallus and S. lividans. Calculations of similarities to known cyclophilin sequences and construction of phylogenetic trees indicated that ScCypB and ScCypA are phylogenetically distant from each other. While ScCypA is clearly related to the eukaryotic cyclophilins, the analyses show the sequence of ScCypB to be the most divergent of all cyclophilin sequences, indicating that it possibly constitutes a cluster by itself.
INTRODUCTION
there are two other families of PPIases, the FK.506 binding proteins and the parvulins, each structurally Cyclophilins (Cyps) belong to the group of peptidylprolyl cis-trans isomerases (PPIases) which accelerate the interconversion of peptidyl-prolyl cis into the corresponding trans bonds and vice versa (reviewed by Fischer, 1994; Galat, 1993) . Besides the cyclophilins, distinct horn each other a n d from the cyclophilins (Fischer, 1994; Galat, 1993 ; Rahfeld et al., 1994) . Spontaneous isomerization of the peptidylproline bond is slow and therefore PPIases accelerate rate-determining steps during protein folding (Schonbrunner et al., 1991 ; Fischer, 1994) . The 18 kDa cytosolic cyclophilin is the main representative of the cyclophilins ; it is abundant in types examined ranging from man to Escherichia coli and exhibits remarkable sequence conservation* Besides the l8 kDa cYPs, Other cYclOphilins have been described which are confined to organelles such as the mitochondrion, endoplasmic reticulum and periplasm or are secreted. Some of the organelle-specific PPIases have been shown to have specialized functions (Snyder & Sabatini, 1995) . All cyclophilins have in common the highly conserved cyclophilin domain (as in Cypl8). Combinations of this domain with signalling structures or additional protein motifs or domains contribute to the diversity of cyclophilins, which display molecular sizes ranging from 18 to 155 kDa (Galat, 1993) . The presence of PPIases in hetero-oligomeric protein complexes such as that of Cyp-40 in the non-transformed oestrogen receptor complex indicates that they may play additional roles as chaperones contributing to stability of such structures (Kieffer et al., 1992) .
Most of the interest in the cyclophilins arises from their ability to bind the immunosuppressive drug cyclosporin A (CsA) (Handschuhmacher et al., 1984) . In fact, the binding of CsA to cyclophilin suppresses the activation of T cells by inhibiting the protein phosphatase calcineurin (Liu et al., 1991a) . Calcineurin plays a pivotal role in early (calcium-dependent) events of T-cell activation by stimulating IL-2 gene transcription through dephosphorylation of the cytosolic form of transcription factor NF-AT (Schreiber & Crabtree, 1992; Fruman et al., 1994) . Binding of the Cyp-CsA complex to the protein phosphatase abrogates its dephosphorylating activity. Remarkably, CsA inhibits cyclophilin PPIase activity by binding to the active-site pocket of the enzyme (Fischer et al., 1989; Takahashi et al., 1989) . However, PPIase activity and the immunosuppressive effect of CsA are not correlated with each other except that the binding site of the drug is the active site of the enzyme (Fruman et al., 1994) . Antimicrobial activity of CsA is observed with yeasts and fungi (Tropschug et al., 1988) . The cytotoxic effect of CsA in these cases is due to inhibition of calcineurin leading to prevention of recovery from alpha mating factor arrest in yeast or other events leading to progression in G1 of the cell cycle (Foor et al., 1992) . Prokaryotic organisms are not sensitive to CsA (High, 1995) . One possible reason may be the lack of calcineurin equivalent in the prokaryotic cell (Chen et al., 1992) . Also, the sequences of prokaryotic cyclophilins are quite distinct from those of eukaryotic Cyps and their enzymic activity is less sensitive to CsA, which reduces the ability of CsA to compete with intracellular ligands of Cyp in a measurable fashion. These findings allow distinction between prokaryotic and eukaryotic Cyps (Trandinh et al., 1992) , although the two families would not be sharply distinguished from each other based on sensitivity to CsA alone. In fact, eukaryotic Cyps exist which have high IC,, values with respect to PPIase inhibition by CsA (Hoffmann et al., 1995; Page et al., 1995) . During our studies on PPIases in the Gram-positive streptomycetes we have isolated a cytosolic cyclophilin (now designated ScCypA) that displays high sequence similarity with the eukaryotic Cyps and is sensitive to CsA in the nanomolar range (Pahl et al., 1992) . In this paper we report a second novel cytosolic cyclophilin of Streptomyces, designated ScCypB, which is active as a PPIase and is susceptible to CsA. Its sequence and relative abundance differ from those of ScCypA, indicating significant phylogenetic distance from both the prokaryotic and eukaryotic c yclop hilins.
METHODS
Chemicals and biochemicals. The test peptides for PPIase assays were of the structure Succ-Ala-Xaa-Pro-Phe-4-nitroanilide (Xaa represents varied amino acid) and were purchased from Bachem. All other chemicals were of the highest grade commercially available. Strains and cultures. Streptomyces chrysomallus wild-type was described previously (Pahl et al., 1992) . Streptomyces lividans 1326 was from the John Innes culture collection (Norwich, UK). Strains were kept on slants of a yeast extract/malt extract/maltose agar (CM) as described by Keller et al. (1985) or on R2YE (Hopwood et al., 1985) . Submerged culture of S. lividans was in YEME medium (Hopwood et al., 1985) and that of S . chrysomallus was in liquid CM (Keller et al., 1985) . E. coli strains were DH5a and JMl05 (Maniatis et al., 1982) . Plasmids, cloning and sequencing procedures. Techniques for DNA isolation and manipulations were as described by Maniatis et al. (1982) and Hopwood et al. (1985) . The plasmid for expression of sccypA and sccypB in E. coli was the expression vector pQE30 (QIAExpress, Diagen) . For expression of the cyclophilin genes in Streptornyces, expression plasmid pIJ702 was used (Katz et al., 1983) . The plasmid for subcloning and preparation of single-stranded DNA was phagemid pTZ18U (Mead et af., 1988) . DNA sequencing was done on single-stranded DNA using a dideoxy method and the Sequenase kit (United States Biochemicals). Cloning of sccypB. A cosmid library of S. chrysomallus DNA was screened using a 377 nucleotide PCR-generated probe representing the most conserved portion of sccypA (Pahl et al., 1992) . Stringency conditions were 2 x SSC, 0.1 ' / o SDS, 45 "C. Besides several strongly hybridizing cosmids, one cosmid, designated pAP1010, gave a weak signal. The hybridizing region in pAPlOlO was localized to a 0.8 kb Sal I fragment that was subsequently cloned and sequenced. The sequence suggested that the fragment was part of a new cyclophilin gene. However, Southern hybridization with Sal I-restricted genomic DNA of S. chrysomallus using the 0.8 kb Sal I fragment as probe unexpectedly revealed a 2.3 kb Sal I band instead of a 0.8 kb SalI fragment. T o clarify these conflicting results, the chromosomal 2-3 kb Sal I fragment was isolated from a 2-3 kb DNA library of S . chrysomallus DNA in plasmid pTZ18U and designated pAP3000. Analysis of this clone showed that in the DNA isolated from S. chrysomallus the single SalI site lying within sccypB was refractory to digestion with SalI, most probably because of modification. By contrast, in the cosmid and in pAP3000, both isolated from E. coli, this site was readily cleaved by Sal I. Restriction mapping and subcloning finally produced sccypB on a 0.9 kb SphI-Sac11 fragment as shown in Fig. 1 . This fragment was digested with Sau3AI and TaqI, and the resulting fragments were subcloned and sequenced. Expression of sccypA and sccypB in E. coli and Streptomyces.
Expression of Cyp genes in E. coli was as hexaHis-tagged fusion proteins to facilitate purification by Ni2+ affinity chromatography. Synthetic oligomers were used to amplify (30 cycles: 95 "C for 1 min, 50 "C for 1 min, 72 "C for 1 min) sccypA and sccypB with suitable restriction ends for cloning into pQE30 (QIAExpress). The templates were pMSlOl (sccypA ; Pahl et al., 1992) and pAP3000 (sccypB; this work). The sequences of the primers were sccypA: forward 5'- Cyclophilins of Streptomyces AAGAGCTCACAACCAAGGTCTACTTC-3'; reverse 5'-forward 5'-AAGAGCTCGCCGAGCAGCTTTACGCC-3'; reverse 5'-AACTGCAGTGGAGGCCCCTGTTCCGC-3'. Amplified bands were digested with Sac1 and PstI, and ligated into pQE30. This plasmid construct was used to transform E. coli M15 (Diagen). Cells were grown in 2YT overnight and the proteins of interest were purified according to the protocol of the manufacturer. In the studies of the expression of cyclophilin genes in Streptomyces, sccypA and sccypB were amplified with synthetic primers carrying SphI (F) and SstI ends using the same templates as above. After digestion with SphI and SstI, each band was ligated to SphIISstI-cleaved pIJ702 as described by Hopwood et al. (1985) . The sequences of primers in these experiments were sccypA: forward ACATGCATGCCAACCAAGGTCTACTTCG; reverse CCGGAGCTCTCAGAGAGCGCCGGACTC ; sccypB : forward ACATGCATGCCCGAGCAGCTTTACGCCA; reverse CCGAGCTCTCAGCGGGTCTCGACGAC. Ligation mixtures were transformed into S. lividans. Thiostreptonresistant colonies were selected and the recombinant plasmids were isolated and checked for correctness of the construct by restriction digestion and sequencing. Derivatives of PI 5702 containing cyp genes were designated pAGcypA and pAGcypB. Both plasmids were also transformed into S. chrysomallus. Laemmli (1970) . Protein determinations were done according to Bradford (1976) . The protein concentrations of samples containing homogeneous proteins were determined by measuring their absorbance at 280 nm and by calculating the absorption coefficients from the amino acid sequence (Gill & von Hippel, 1989) . Antibodies against the recombinant H6SccypB from E. coli were raised in rabbits (100 pg pure protein per administration, performed at Eurogenetech, Seraing, Belgium). The serum and the preimmune serum were used without further purification. Antiserum against ScCypA was described previously (Pahl et al., 1992) . Western blot analysis was performed by standard techniques using 2000-fold dilution of primary antibody, phosphatase-conjugated goat antirabbit antibody (Sigma), and nitroblue tetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl phosphate (BCIP) as reagents.
Analytical methods. SDS-PAGE was done according to
Protein purification. Cells harveted from submerged cultures of S. chrysornallus or S. lividans were suspended in 5 vols (wet weight per volume) ice-cold 0.05 M potassium phosphate buffer pH 6.8, 1 mM dithiothreitol, 1 mM benzamidine, 0.5 mM PMSF, and passed through a French press at 10000 p.s.i. (69 MPa). After digestion with DNase and centrifugation at 20000 r.p.m. (Sorvall centrifuge RC-2B, rotor SS34), 20 ml (10-15 mg protein ml-l) of the supernatant was applied to a DEAE cellulose column (2 x 12 cm) which had been equilibrated previously with the same buffer. Fractions of 4-5 ml were collected immediately after application of the sample, which was followed by washing the column with 50 ml of the same buffer. A 250 ml NaCl gradient from 0 to 0-3 M was then applied. Under these conditions ScCypA eluted immediately after the flowthrough of the column. ScCypB eluted from the column after ScCypA and was complete just after the onset of the gradient.
PPlase assay. PPIase activity was tested according to Fischer et al. (1989) using a test peptide in a coupled assay with chymotrypsin. Specific activity and inhibition constants were determined with Succ-Ala-Leu-Pro-Phe-4-nitroanilide as substrate, and specificity was determined with a substrate series Succ-Ala-Xaa-Pro-4-nitroanilide (Xaa = varied amino acid).
AACTGCAGGTCAGAGAGCGCCGGACTC-3' ; S C C Y~B :
The PPIase was added to a reaction mixture containing substrate (60 pM final concn) in 35 mM HEPES pH 7.8 at 4 OC. The reaction was started by the addition of chymotrypsin (to 400 pg ml-') and the absorbance at 390 nm was recorded for 3 min. kcat/Km was calculated according to the expression k,,,/Km = (kobs -k,)/[E], where kobs is the observed first-order rate constant in the presence of enzyme, k, is the rate constant for the uncatalysed isomerization, and [El is the concentration of the enzyme in the assay. 
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. hybridizing signal than the cosmid pMSlOO bearing the sccypA gene which had been isolated previously (Pahl et al., 1992) . Inspection of the new cosmid (designated pAP1010) by restriction analysis and Southern hybridization indicated that pAPlOlO was unrelated to pMS100. Plasmid pAP3000, subcloned from pAP1010, carried a 0.8 kb Sal I fragment containing the hybridizing region. Further subcloning yielded a 0.9 kb SphI-SacII fragment containing the region of interest as a piece of contiguous DNA (Fig. la) . Sequencing this fragment revealed an open reading frame coding for a protein of 174 amino acids with a calculated M , of 18 868 (Fig. lb) . 
Sequence analysis of ScCypB
Comparisons of the deduced amino acid sequence of the ORF with protein sequence databases revealed that the cloned gene most probably codes for a second Streptomyces cyclophilin, which was designated ScCypB. Alignment of the protein sequence with several known Cyp sequences of eukaryotic and prokaryotic origin, among them ScCypA (Fig. 2) , showed that ScCypB is less conserved than ScCypA when compared to the eukaryotic Cyps (39 Yo and 68 % identity respectively, over the entire human CypA) . Interestingly, the protein sequence was even less similar to sequences of prokaryotic cyclophilins such as PPiB from Bacillus subtilis (Herder et al., 1994) or Cyp b of E. coli (Hayano et al., 1991) , with 32% and 24% identity, respectively. The two S. chrysomallus cyclophilins ScCypB and ScCypA have 45 Yo identical amino acid residues. Nevertheless, both ScCypA and ScCypB have 12 of the 13 amino acids (indicated by asterisks in Fig. 2 ) that were found to be involved in binding of CsA, and all 11 amino acids involved in substrate peptide binding, when compared to the structure of human CypA (Kallen et al., 1991; Kallen & Walkinshaw, 1992; Theriault et al., 1993) . Most of the amino acid differences in the sequence of ScCypB compared to the sequences of human CypA and ScCypA were in those portions that do not directly affect the overall structure of the cyclophilin core domain. The most extensive replacements were seen in the regions comprising the a-sheets B1 and B2, which are close to the N-terminus, and the region around helix H3 at the carboxy-terminal end (Fig. 2) . Furthermore, a stretch of 16 amino acids was replaced in the central region of the sequence between a-sheets B4 and B5. Remarkably, there was an insertion of 12 amino acids in the region of the second a-turn T2. Insertions in the Cyp sequence in this region of the protein (in respect of all cyclophilin sequences analysed here) are also seen in sequences of the Cyp-related protein from Saccharomyces cereuisiae (Franc0 et al., 1991) , cyclophilins from plants such as Lycopersicon esculentum (Gasser et al., 1990) and in the cyclophilin of the parasitic nematode Brugia malayi (Page et al., 1995) . This insert has been speculated to be responsible for a conserved function of the class of Cyprelated proteins (Page et al., 1995) . The absence of any signal peptide-like sequence indicates that ScCypB may constitute a cytosolic protein, like ScCypA. Southern hybridization of chromosomal DNA, digested with various restriction enzymes, with the 0.9 kb SphI-Sac11 fragment revealed that only one copy of the ScCypB gene is present in the genome of S. chrysomallus. sccypB hybridized also with a single band in Southern blots of chromosomal DNA of Streptomyces liuidans, Streptomyces coelicolor A3 (2), Streptomyces griseus and Streptomyces paruulus (not shown).
Expression of sccypB in E. coli as a His,-tagged fusion protein and purification of the gene product
Because it was not possible to distinguish any CsAinhibitable PPIase attributable to ScCypB from that of the abundantly present ScCypA in protein fractions from S. chrysomallus, sccypB was expressed in E. coli as a hexaHis-tagged fusion protein (designated H6ScCypB) as described in Methods. H6ScCypB was identified as a prominent band after SDS-PAGE of crude extract of total cells of E. coli M15. Attempts to purify the protein from cells under native conditions on a Ni2+-agarose matrix revealed that 90-95% of the expressed protein was located in the insoluble fraction. The residual 5-10% fraction was soluble and, after purification by affinity chromatography and chromatography on Mono Q, resulted in a single band of about 21 kDa in SDS-PAGE, which is the size expected from the deduced amino acid sequence of the fusion protein (not shown). The total yield of protein as obtained from ureasolubilized E. coli cells was 0-5-1 mg (100 ml culture)-'. Since anti-ScCypA antibodies did not detect ScCypB in crude extracts of streptomycetes, rabbits were immunized with the purified anti-HGScCypB. Interestingly, despite the considerable homology between ScCypB and ScCypA, the polyclonal H6ScCypB antibodies did not cross-react with ScCypA (see below).
Characterization of the sccypB gene product
Purified native H6ScCypB possessed PPIase enzyme activity, as did ScCypA or its hexaHis-tagged derivative (HGScCypA) . The substrate specificity of the isomerase was typical for a Cyp, having a broad specificity towards various peptide substrates (Table 1 ). This contrasts with the behaviour of another group of PPIases, the FK506 proteins (FKBPs), which are also present in streptomycetes (Pahl & Keller, 1992) . In contrast to Cyps, the latter show high preference for leucine or phenylalanine in the amino acid position adjacent to proline in the test peptide (Harrison & Stein, 1990) . The PPIase activities of HGScCypB and ScCypA (or HGScCypA) have efficiencies (kcat/Km) of 7.5 pM-' s-l and 3.73 pM-l s-l, respectively for alanine. Inhibition of HGScCypB by CsA was slightly less than that of HGScCypA (Fig. 3) . The IC,, value was in the range 70-90 nM, which is about threefold higher than that of ScCypA and a number of cyclophilins isolated from fungi or mammals (Table 2) 
Expression of sccypB in Streptomyces
It was of interest to see whether sccypB and its S. lividans homologue (slcypB) were expressed. Since
PPIase activity which could be attributed to expression of sccypB could not be discriminated from that of ScCypA in extracts of S. chrysomallus or S. lividans (the two enzymes are very similar to each other in size, PI and substrate specificity), we decided to express sccypB in Streptomyces from the me1 promoter of the expression plasmid pIJ702. A PCR construct of sccypB was ligated into SphIISstI-cleaved pIJ702 (Katz et al., 1983) . After transformation into S. lividans, thiostrepton-resistant colonies were obtained that carried the expected plasmid with the sccypB gene. This plasmid was designated pAGcypB. In parallel, we cloned a similar PCR construct of sccypA into PI 5702, which gave plasmid pAGcypA. Each plasmid was subsequently transformed into S. chrysomallus. Isolates carrying the plasmids were grown in liquid medium and subjected to analysis for the presence of the gene products. Western blots of crude extracts of S. lividans or S. chrysomallus carrying plasmid pAGcypB with anti-HGScCypB antibodies showed a strong 19 kDa band while only a faint band appeared at the corresponding position in the lanes containing control strains carrying PI 5702 or no plasmid (Fig. 4) Crude extract (20 ml; 15 mg protein rnl-') of 5. chrysomallus carrying pAGcypB was fractionated on a DEAE-cellulose column as described in Methods and 5.5 ml fractions were collected. A portion (2 ml) of each fraction was concentrated by TCA precipitation and the protein pellet was dissolved in 150 pl sample buffer. Fractions (1OpI) were then loaded onto gels. Indicated fractions were subjected to Western blot analysis using anti-ScCypA or antiScCypB antibodies. Note that anti-ScCypA antibodies weakly cross-react with ScCypB. (b) Crude extract (20 ml; 17 mg protein ml-') of 5. chrysomallus carrying plJ702 was fractionated on DEAE-cellulose as in (a). A portion (2 ml) of each fraction was concentrated by TCA precipitation and the protein pellet was dissolved in 150 pI sample buffer. The sample volumes loaded were 15 pI for immunodetection with anti-ScCypA antibodies and 75 pl for immunodetection with anti-ScCypB anti bodies.
the total enzyme activity was three-to fourfold higher than in the control strains. Increased expression of sccypB as well as of sccypA had no effect on viability or growth characteristics of the streptomycetes.
In order to assess whether the faint band showing up in the control strains was ScCypB, PPIase activity profiles of DEAE-cellulose-fractionated total protein from strains carrying pAGcypB or pIJ702 were recorded and compared with each other. Fig. 5(a) shows that passing a crude extract from S. chrysomaffus containing pAGcypB through a DEAE-cellulose column resulted in the resolution of CsA-inhibitable PPIase activity into a double peak, the first maximum of which came shortly after the flowthrough and corresponded to ScCypA. The second maximum represented ScCypB (as revealed by Western blotting in which it was distinguishable from ScCypA by the fact that anti-ScCypB antibodies do not recognize ScCypA). The longer retention time of the enzyme on the column is also consistent with the fact that ScCypB is predicted to be slightly more acidic than ScCypA (four and three negative charges at pH 7, respectively). The same procedure performed with a crude extract obtained from S. chrysomaffus carrying PI 5702, revealed only the first peak maximum representing ScCypA, while that of ScCypB was missing (Fig. 5b) . This indicated that in wild-type S. chrysomallus, expression of sccypB is very low or absent. Therefore, protein of those fractions from S. chrysomalfus carrying pIJ702 in which ScCypB should be expected to be present (from the experiment with expressed ScCypB) was concentrated by TCA precipitation and subjected to Western blot analysis. Fig. S(b) clearly shows the presence of ScCypB in the expected peak location. These findings leave no doubt that sccypB was expressed in S. chrysomaflus (as was its homologue slcypB in S. fividans; not shown) although at a very low level compared to ScCypA. Estimations based on intensities of staining in immunoblots of wild-type S. chrysomallus or S. fividans indicated that the concentration of ScCypB was 50-100-fold less than that of ScCypA. Interestingly, anti-ScCypA antibodies also recognized their antigen in fractions preceding the PPIase activity peak (Fig. 5 ) , which were almost devoid of PPIase activity. This may indicate that a portion of ScCypA is complexed with unknown intracellular ligand(s). By contrast, ScCypB was always detected in the position corresponding to its PPIase activity peak regardless of whether S. chrysomaflus carrying pAGcypB or pIJ702 was tested.
Phylogenetic analysis of Cyp genes in Streptornyces
T o analyse the phylogenetic relationship between the two Streptornyces cyclophilins ScCypB and ScCypA, a phylogenetic tree was constructed using the programs in the CLUSTAL package (Higgins et af., 1992) . Fifty-five published cyclophilin sequences were used for this analysis, which resulted in the same tree as depicted in Fig. 6 (calculated for 30 sequences) . Clearly, the sequences of the prokaryotic and the eukaryotic cyclophilins form two distinct clusters. ScCypA of S. chrysomaflus is most similar to sequences of the corresponding proteins from Neurospora crassa and Tofypocfadium niveum, which are both filamentous fungi, confirming previous estimations of the phylogenetic linkage of ScCypA (Pahl et al., 1992) . In contrast, ScCypB is the most divergent of all. This result and the above data on sequence analysis and gene expression imply that ScCypB is a new PPIase. Whether ScCypB really constitutes a separate phylogenetic cluster remains to be seen.
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DISCUSSION
Despite the remarkable level of amino acid sequence conservation of cyclophilins, amino acid exchanges in those parts of their sequences which are not important for catalytic activity could be used to construct a phylogenetic tree. It has been demonstrated that Cyps of the prokaryotes, especially those from the Gramnegative bacteria, are less conserved in their sequences compared to their eukaryotic counterparts (Trandinh et al., 1992) . Nevertheless, published data indicate that
Cyps from different sources possess comparable PPIase specific activities (Table 2) . Thus, the oberved sequence differences appear to have little effect on the catalytic properties in terms of isomerizing a test peptide in the PPIase assay (Liu et al., 1991b) . Instead these differences may point to individual structure-function relationships of the cyclophilins in the various species from which these sequences were obtained. In fact, it has been shown that a number of Cyps or Cyp domains which are confined to organelles or to specific cell-types are associated with specific proteins [e.g. Cyp-40 in the oestrogen receptor is a subunit or chaperone (Kieffer et al., 1992) or the NinaA immunophilin is a foldasel rotamase with opsin proteins in the rhabdomeres of the insect photoreceptor cells (Stamnes et al., 1991) . Several but not all of the opsins produced in these cells are folded and chaperoned by NinaA indicating strong substrate specificity of NinaA towards its intracellular ligands]. Other examples of cyclophilin function in the eukaryotic cell such as the presence of membraneassociated cyclophilin involved in cell recognition by T cells (Rinfret et al., 1994) or in the cyclophilin involvement in chemotaxis (Xu et al., 1992) let one conclude that such proteins interact with defined structures instead of merely catalysing isomerization of any peptidyl-prolyl bonds. It may be reasoned that the specificity of the immunophilin domain for a ligand is the result of its sequence-determined structure and, of course, its cellular localization.
In prokaryotes, such examples of specialized functions of specific cyclophilins are lacking. Here, we show that the Gram-positive streptomycetes such as S. chrysomallus or S. lividans contain two cytosolic cyclophilins.
ScCypA, which is abundantly expressed, has high sequence similarity to eukaryotic CsA-binding PPIases. It is highly sensitive to CsA as measured by an IC,, of 20-30 nM, which is characteristic of eukaryotic Cyps such as those from mammals, yeast and fungi and which is in contrast to the Cyp a and b of E . coli (Table 2) . On the other hand, ScCypB has less similarity to ScCypA and human CypA (39 and 45% identity, respectively) but is still highly susceptible to CsA, with an IC,, of 75 nM compared to that of 25 nM for ScCypA. The level of ScCypB in the streptomycete cell is 50-100-fold less than that of ScCypA. These quantitative differences may indicate that the substrates or intracellular ligands of the two Cyps are different from each other and thus may point to specialized functions. In fact, ScCypA has been detected, using specific antibodies, in protein fractions in which PPIase activity was not detectable apparently because cyclophilin is complexed with unknown protein ligands. This was not observed for ScCypB expressed from the plasmid-borne gene. Natural ligands of ScCypB might be present at very low intracellular concentrations permitting ScCypB to be titrated out only under normal expression levels. However, the fact that the peak of ScCypA PPIase always overlays the ScCypB peaks has so far prevented us from determining whether or not ScCypB activity is masked under normal conditions (i.e. expressed from the gene located on the chromosome, as shown in Fig. 5 ; ScCypB is only detectable by Western blotting and not by its PPIase activity). This and the low level of expression has also prevented us from isolating possible ScCypB ligands. Clearly, future studies on this question must concentrate on genetic techniques to elucidate possible protein-protein interactions involving ScCypB in the bacterial cell and to investigate the effect of disruptions of sccypB and sccypA. This may enable us to investigate the expression of sccypB and its ligands in the absence of ScCypA and thus elucidate the functions of this PPIase in the cytosol of streptomycetes.
In the context of possible functions of ScCypB which are obviously different from those of ScCypA, it is also important to look at the phylogenetic relationship. The fact that ScCypB is the most divergent of all eukaryotic and prokaryotic cyclophilin sequences places it in a branch of the phylogenetic tree outside of the clusters of eukaryotic and prokaryotic Cyps (Fig. 6 ) . This raises the question whether the two streptomycete Cyps have diverged from a common ancestor or not. In view of the strong sequence conservation of ScCypA with the eukaryotic Cyps, it may be argued that sccypA was acquired by horizontal gene transfer. Such a gene transfer may have taken place in the soil, the natural habitat of streptomycetes and numerous filamentous fungi harbouring eukaryotic Cyp genes. In fact, ScCypA displays very high sequence identity with the corresponding Cyp from Neurospora crassa (Tropschug et al., 1988) . After this transfer into the streptomycete, most of the functions of ScCypB could have been taken over by ScCypA. This and further selection of the organism may have led to a reduced level of production of ScCypB, which, however, was not completely lost because there were a few rare functions of ScCypB which could not be properly performed by ScCypA. On the other hand, ScCypA and ScCypB may have diverged from a common streptomycete ancestor. Ultimately, the isolation from other organisms of more cyclophilins like ScCypB and of its intracellular targets will tell us whether ScCypB is a true representative of a group of cyclophilins with specialized functions.
